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This paper reports the development and optimization of micro-matrix solid-phase dispersion (micro-
MSPD) of nine polychlorinated biphenyls (PCBs) in mussel samples (Mytilus galloprovincialis) by using a
two-level factorial design. Four variables (amount of sample, anhydrous sodium sulphate, Florisil and
solvent volume) were considered as factors in the optimization process. The results suggested that only
the interaction between the amount of anhydrous sodium sulphate and the solvent volume was sta-
tistically signiﬁcant for the overall recovery of a trichlorinated compound, CB 28. Generally most of the
considered species exhibited a similar behaviour, the sample and Florisil amounts had a positive effect on
PCBs extractions and solvent volume and sulphate amount had a negative effect. The analytical deter-
mination and conﬁrmation of PCBs were carried out by using GC-ECD and GC-MS/MS, respectively. The
method was validated having satisfactory precision and accuracy with RSD values below 6% and re-
coveries between 81 and 116% for all congeners. The optimized method was applied to the extraction of
real mussel samples from two Galician Rías.
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Persistent organic pollutants (POPs) are organic compounds of
natural or anthropogenic origin characterized by low water and
high lipid solubilities leading to the bioaccumulation in fatty tissues
of living organisms. Their presence in the environment is of
particular importance because of their toxicity and persistence.
POPs presence poses serious hostile effects on the marine ecosys-
tems reaching biomagniﬁcation in the seafood chain.
PCBs are a group of man-made compounds that were widely
used in the past, mainly in dielectric equipments. PCBs have been
listed as priority pollutants by the United Nations Environment
Programme because of their potential carcinogenicity, mutage-
nicity and toxicity to aquatic organisms. They have been banned or
removed from open use at the end of the 1970s in many countries
because of environmental concerns, achieving levels down in
recent decades in marine and terrestrial organisms [1]. However,
the temporal trends studies suggest nowadays, they are stilln open access article under the CCpresent in environmental samples and they continue to be
considered as one of the major pollutants [2e4].
The coastal and estuarine areas are considered as recipients for
terrestrial waste-waters containing anthropological origin pollut-
ants [5]. The main aims of the marine monitoring programmes of
organic pollutants are to identify and quantify the effects of
anthropogenic discharges and activities in the marine systems in
relation to the natural variations and the changes in the environ-
ment. Another aim is to compare the levels of contaminants in
selected species of biota (mussel and oyster) from different
geographical regions in order to detect possible contamination
patterns and from speciﬁc locations over time to detect changes
derived from contaminant inputs to marine systems. In order to
perform the temporal trends and spatial variations of contaminants
levels and patterns, administrations should provide laboratories
with accurate, precise and fast methods.
In general conventional extraction techniques, such as Soxhlet
devices, require large quantities of organic solvent and high
extraction times. In an effort to reduce these variables, non-
conventional techniques (Microwave Assisted Solvent Extraction
MASE, Supercritical Fluid Extraction SFE, Accelerated Solvent
Extraction, ASE) introduce new extraction steps with organicBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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volumes and extraction times improving precision of recoveries
and avoiding sample contamination. These techniques have already
been applied to PCBs analysis in biota and environmental samples
[6e8]. Important advances using non-conventional systems
include procedures for selective removal of interferences during
extraction step. In this way, extraction and puriﬁcation are com-
bined into a single step by adding several adsorbents. Alumina,
Florisil and Silica for elimination of non polar lipid and colorant in
biota matrix have already been investigated [9e11].
Matrix solid-phase dispersion (MSPD) was introduced by Barker
in 1989 [12]. The possibility of carrying out extraction and clean up
at the same time is one of the principal advantages of this technique
reducing sample contamination during the process. This technique
has been applied for the extraction of a wide variety of analytes, as
pesticides, dioxins and furans and PCBs in different matrices, food,
biota and environmental samples [13e15]. Miniaturization of this
technique (micro-MSPD) involves reduction of sample and adsor-
bent amounts and solvent volume. This variation of MSPD was
introduced by Celeiro et al., in 2014 [16] for the optimization of a
multianalyte method of fragrances, allergens and preservatives. To
date, the micro-MSPD approach has only been applied to cosmetic
samples [17,18].
This manuscript aims to optimize, validate and apply a low cost,
rapid and simple method based on micro-MSPD approach followed
by gas chromatography (ECD) and gas chromatography-tandem
mass spectrometry (GC and GC-MS/MS) for analysis of 9 conge-
ners of polychlorinated biphenyls in mussel samples. A factorial
design has been applied in order to evaluate the main experimental
factors affecting micro-MSPD (amount of sample, anhydrous so-
dium sulphate, Florisil and solvent volume). In this work, micro-
MSPD is applied for the ﬁrst time to PCBs analysis in mussel
samples.
2. Experimental
2.1. Material and apparatus
n-Hexane for organic trace analysis was supplied by Merck
(Darmstadt, Germany). Silica and anhydrous sodium sulphate were
also supplied byMerck and Florisil by Supelco (Bellefonte, PA, USA).
Analytical reagent grade PCBs individual congener standards were
purchases from Dr. Ehrenstorfer.
Optimization experiments were performed on mussel samples
(Mytilus galloprovincialis) from Galicia. Samples were collected and
immediately freeze dried. The sample batches (0.1e0.5 g) were
spiked by slowly pouring it over 10e50 mL of PCBs mixtures (IUPAC
numbers, PCBs 31, 28, 101, 118, 153, 105, 138, 156 and 180). The
mixture was manually mixed for 30 min. The sample was allowed
to air-dry for the weekend before analysis. Expect ﬁnal concen-
trations of PCBs were calculated to be from 20 to 40 ng/g on a dry-
weight basis (d.w.) depending on the tested congener. It was
assumed that the analytes were uniformly distributed in the sam-
ple and that, because the sample contaminated residual moisture
from the storage period, any analyte-matrix interactions would
have occurred to an extent similar to that in real contaminated
sample with identical properties.
The recovery efﬁciency and accuracy of the method for the PCBs
analysis were determined by using a certiﬁed reference material
NIST 2974a supplied by National Institute of Standards and Tech-
nology (Gaithersburg, MD, USA). Standard stock solutions were
prepared by weighing a suitable amount of each standard and
diluting to 5 mL with hexane. Working solutions were made by
appropriate dilution of the stock solutions. Both stock and working
solutions were stored at 20 C. For quantitative analysis, thecalibration of gas chromatograph was carried out at ﬁve concen-
tration levels for each congener spanning the range 0.5e150 ng/g
and using PCB 155 as an internal standard (400 ng/g).2.2. Micro-MSPD procedure
Irrespective of theworking conditions imposed by the particular
factorial design all mussel samples were prepared by following the
same procedure prior to extraction.
0.1e0.5 g of freeze dried mussel was exactly weighted and
spiked with an appropriate volume of standard stock solution
containing nine congeners of PCBs to get the desired ﬁnal con-
centration. Spiked sample was softly mixed with 0.2e0.5 g of Flo-
risil (dispersive sorbent) and 0.05e0.2 g of anhydrous sodium
sulphate (drying agent) into an agate mortar according to the ex-
periments performed outside and inside the framework of the
factorial design. The mixture was transferred into a glass Pasteur
pipette (1.8 mL) with a small amount of glass wool at the bottom,
containing 0.1 g of Florisil. Another small amount of glass wool was
placed on top of the sample before compression. Elution was per-
formed by gravity with 0.5e2 mL of n-hexane collected in a volu-
metric ﬂask. 10 mL of PCB 155 was added as an internal standard
prior to analysis by gas chromatography. The micro-MSPD extracts
were directly analyzed by GC (ECD) and GC-MS/MS.2.3. GC determination
The micro-MSPD extracts were analyzed by high resolution gas
chromatography using a Perkin-Elmer Autosystem Gas Chromato-
graph equipped with an electron capture detector (ECD). A TRB-5
(Teknokroma, Spain) 5% diphenyldimethyl siloxane capillary col-
umn (60 m 0.20 mm i.d. 0.4 mmphase thickness) was used. The
column temperature programwas 90 C (3 min) to 215 C (40 min)
at 30 C/min. and 275 C (30 min) at 5 C/min. The injector tem-
perature (splitless mode, 1.8 min) was 270 C, the ECD temperature
was 365 C, carrier gas was hydrogen supplied by Air Liquid (Spain).
The conﬁrmation of analytes was carried out in a Varian 3800 gas
chromatograph coupled to an ion trap mass detector (ITD) Varian
Saturn 2000 with a wave-board for MS-MS analysis and operated
with a Saturn GC-MS workstation 5.4 software-based data
handling. The system was equipped with a Varian 8200 CX auto-
sampler (Varian, Walnut Creek, LS, USA). The operation mode of
1079 injector was in split/splitless. Separations were carried out on
an Optima 5 MS (5% diphenyldimethyl siloxane) capillary column
low bleed (50 m  0.25 mm id  0.35 mm phase thickness). Carrier
gas was helium supplied by Air Liquid (Spain). The chromato-
graphic conditions were described above. The mass spectrometer
was operated in the electron impact ionization positive mode
(þ70 eV). The temperatures of the ion trap and transfer line were at
150 C and 170 C, respectively. The speciﬁc MS conditions were
described by Garcia et al., 2008 [8].2.4. Statistical analysis
Analysis of variance and experimental design were carried out
using Minitab 16 and Statgraphics-Plus 5.1. (Manugistics, Rockville,
MD, USA) statistical packages. A multifactor categorical design was
applied for the optimization of micro-MSPD extraction procedure
in order to analyze the simultaneous effect of amounts of sample,
dispersive sorbent (Florisil), drying agent (anhydrous sodium sul-
phate) and volume of solvent affecting micro-MSPD. The recovery
expressed in percentage of each one of congeners was used as
selected response.
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3.1. Optimization of micro-MSPD
In this work the following variables of extraction and puriﬁca-
tion were optimized: sample amount, Florisil and anhydrous so-
dium sulphate amounts and extractant solvent volume.
Some parameters have remained ﬁxed such as Florisil as
dispersive sorbent, anhydrous sodium sulphate as drying agent and
n-hexane as extraction solvent. Other types of adsorbents, such as
Alumina, Silica, have been discarded because of their chromato-
graphic activity is improved when they are deactivated with water,
it increases their volume making difﬁcult the process of miniatur-
ization. The selected extraction solvent is n-hexane with low po-
larity to facilitate the simultaneous extraction of nine congeners of
PCBs.
A full 42 factorial design involving 16 randomized experiments
was proposed.
Table 1 shows the upper and lower levels given to each factor.
Such values were selected from experiences gathered in previous
experiments and from experiences performed by Celeiro el al. in
2014 [16]. Table 2 summarizes the design matrix and the percent-
ages of recovery obtained in each one of the experiments involved
for the nine PCBs congeners.
The numerical analysis of the results summarized in Table 2
shows the majority of considered species exhibited a similar
behaviour. Only the interaction of factors B (sulphate amount) and
D (solvent volume) was statistically signiﬁcant (p ¼ 0.0383) for CB
28 (trichlorinated compound) with a positive effect on extraction.
In Fig. 1 it can be seen that the highest recoveries of CB 28 were
obtained at the highest or lowest levels of two factors (sulphate
amount and solvent volume) simultaneously, although in the sec-
ond case CB 28 recovery was slightly lower. The interaction BD had
a positive effect for all studied congeners except for CB 153. In theTable 1
Extraction parameters and factor levels used in the factorial design for the micro-
MSPD extraction.
Factor Key Fixed Low () High (þ)
Sample amount (g) A e 0.1 0.3
Anhydrous sodium sulphate (g) B e 0.1 0.2
Florisil amount (g) C e 0.2 0.4
Solvent volume (mL) D e 1 2
Dispersive sorbent e Florisil e e
Extractant solvent e n-hexane e e
Table 2
Design matrix and recovery percentages for factorial design 24. . Low level of factor, þ
Florisil amount; D. Solvent volume.
Exper. A B C D CB31 CB28 CB101
1 þ   þ 98 79 93
2 þ    107 93 111
3 þ þ þ þ 113 86 102
4  þ  þ 96 84 100
5 þ þ   100 80 98
6   þ þ 96 71 93
7 þ  þ þ 107 81 107
8     101 90 96
9 þ þ þ  109 93 99
10  þ þ þ 114 103 89
11  þ þ  93 75 114
12    þ 120 84 94
13  þ   92 74 95
14   þ  115 76 95
15 þ þ  þ 124 91 108
16 þ  þ  117 97 110case of CB 31 (the other trichlorinated congener), it was just near
the statistical signiﬁcance.
Although the sample amount (with a positive effect) was not
statistically signiﬁcant for any compound, it was the most impor-
tant factor, mainly for the higher chlorinated compounds (penta-
chlorinated, hexachlorinated and heptachlorinated congeners) and
more speciﬁcally for CB138 (Fig. 2) whose effect bordered the sta-
tistical signiﬁcance (p¼ 0.0692). This ﬁnding was observed in other
studies carried out on extraction of organochlorine compounds in
marine samples by using different extraction techniques, Soxtec,
microwave assisted extraction (MAE), etc. In these cases the sample
amount was statistically signiﬁcant and with a positive effect for
many of the target compounds [19,20].
The solvent volume factor hardly affected the recovery efﬁ-
ciency of the target compounds (p > 0.5). It had a negative effect
(i.e. low solvent volumes were enough to obtain quantitative re-
coveries) formost of the compounds, except for CBs 31,138 and 153.
These two later were the most chlorinated and majority com-
pounds. This behaviour is logical because it is necessary higher
solvent volume to elute them. In Fig. 2 it is possible to observe the
positive slope of solvent volume factor for CB 138.
The AD (sample amount and solvent volume) interaction had
important positive effects, mainly on CB 105 (pentachlorinated
congener) extraction as it can bee seen in Fig. 3, higher sample
amount, larger solvent volume is needed and vice versa.
Both the sulphate (B) and the Florisil (C) amounts had very little
effect on PCBs recoveries, mainly the sulphate amount. These two
adsorbents were used to dry and to purify the sample. However the
effect of Florisil amount was positive for all compounds, except for
CBs 118, 156 and 180, and the effect of anhydrous sodium sulphate
amount was negative for 4 of the 10 compounds (CBs 31, 105, 138,
180). The interaction BC is important though not signiﬁcant for CB
28 (positive effect) and CB 105 (negative effect). It was negative for
most of the compounds, i.e. a greater amount of Florisil less sul-
phate is necessary to obtain quantitative recoveries. Florisil is a
commercially prepared magnesia silica gel that strongly retain
polar components when eluted with organic solvents of relatively
low polarity, such as n-hexane. It is an adsorbent used for the
separation of lipids. Although the BC interaction is not signiﬁcant,
the minimum amount of sulphate ﬁxed in this work (0.1 g) is
enough to dry residual moisture of lyophilized sample when the
Florisil quantity is ﬁxed at the highest level (0.4 g) because it is
known that the water content of the sample can signiﬁcantly alter
the adsorbent activity of Florisil [21].
The AB (sample and sulphate amounts) interaction had a. High level of factor. A. Sample amount; B. Anhydrous sodium sulphate amount; C.
CB118 CB153 CB105 CB138 CB156 CB180
78 90 81 94 61 78
94 97 93 97 89 92
85 96 87 99 67 81
86 93 91 99 74 87
78 84 79 86 59 70
70 83 79 84 51 68
92 110 103 114 85 99
78 86 84 88 67 76
81 96 81 94 72 80
64 77 70 78 40 62
90 103 101 98 79 87
73 86 83 88 53 74
79 85 93 90 69 78
76 83 94 86 66 78
92 99 100 105 72 87
92 94 94 99 77 85
Fig. 1. Interaction Plot of CB28 for anhydrous sodium sulphate and solvent volume.
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(sample and Florisil amounts) had a positive effect. The reason is
the sample is lyophilized, it is practically dry, and the function of
the sulphate becomes less important emphasizing the importance
of dispersant and purifying agent (Florisil) that it is increased as the
sample amount. This ﬁnding can be seen in Fig. 4 that shows the
interaction plot of sample and Florisil amounts for CB138 congener,
when the sample amount is low the Florisil quantity hardly affects
CB 138 recovery. The CD (Florisil amount and solvent volume)
interaction had a negative effect on recovery efﬁciency of all ana-
lytes, it means higher Florisil amount, and lower solvent volume
requirement. In Fig. 5, the interaction plot shows CB 153 recoveries
are improved when Florisil amount and solvent volume are ﬁxed at
the highest and lowest values, respectively.Fig. 2. Main Effects plot of CB138 for sample amount, anhydroAlthough data analysis performed following the factorial design
shows the PCBs recoveries were quantitative under the tested
conditions, additional experiments out of the design framework
but in accordance with its guidelines were performed in order to
improve the efﬁciency of recovery yields. For this purpose three
experiments were carried out ﬁxing the sample and Florisil
amounts at higher levels (0.4 and 0.5 g, respectively), the anhy-
drous sodium sulphate amount at lower level (0.05 g) and varying
the solvent volume (n-hexane) at 0.5, 0.7 and 1 mL, respectively.
The results showed that the efﬁciency of extraction was better
when 1mLwas used as volume of extractant solvent. It is important
to notice that this response is logical because the AD (sample
amount and solvent volume) interaction had a positive effect, and
in the last experiments the sample amount was increased at 0.4 g.us sodium sulphate, Florisil amount and solvent volume.
Fig. 3. Interaction Plot of CB105 for sample amount and solvent volume.
Fig. 4. Interaction Plot of CB138 for sample and Florisil amounts.
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is positive by increasing the solvent volume, it wouldmake sense to
increase the sulphate amount in order to obtain quantitative re-
coveries, so another experiment taking 0.1 g of sulphate (quantity
ﬁxed as low level in the factorial design) and 0.5 g of sample was
performed. The objective of increasing the sample amount to 0.5 g
was to improve the method sensitivity because the low levels of
PCBs found in real samples. Higher values of sample amount were
incompatible with limitations associated to the low volume of
Pateur pipette (1.8 mL). The obtained recoveries in this last exper-
iment were the best.
In summary, PCBs can be optimally extracted when 0.5 g of
lyophilized mussel are mixed with 0.1 g of anhydrous sodium sul-
phate and 0.5 g of Florisil into an agate mortar and transferred into
a Pasteur pipette, later elution was performed with 1 mL of n-
hexane. The analytes were determined by using GC-ECD and
conﬁrmed using GC-MS/MS.3.2. Method performance
Calibration curves have been obtained at six concentration
levels by using adequately diluted standards. Peak areas have been
ﬁtted by liner regression. The correlation coefﬁcient was 0.999 for
the all target compounds. The quantiﬁcation limits for PCBs com-
pounds deﬁned for a S/N ratio of 10 were 0.01 ng/g. The micro-
-MSPD procedure was validated by using a certiﬁed reference
material, NIST 2974a.
Recovery and precision were studied within a day analysing six
replicates of samples, fortiﬁed at 20e40 ng/g (d.w.) depending on
the tested congener, in the optimal conditions. The analyte re-
coveries ranged from 83.11 to 112.4% (see Table 3). The RSD values
were less than 6% in all cases, and with an average value of 4.5% for
all congeners.
The accuracy of the method was studied by using the certiﬁed
reference material, NIST 2974a, our data were in good agreement
Fig. 5. Interaction Plot of CB153 for Florisil amount and solvent volume.
Table 3
Summary of recoveries (%) and precisions (%) obtained for a spiked mussel sample, n ¼ 6 replicates. Certiﬁed reference and measured values expressed in ng/g dw of NIST
2974a. LOQs of the method deﬁned for a S/N ratio of 10.
CB Recovery (%) Precision (RSD, %) NIST 2974a LOQs (ng/g)
Certiﬁed Measured
28 109.2 5.1 12.4 ± 0.2 9.26 ± 0.47 0.01
31 97.93 3.7 9.24 ± 0.13 6.49 ± 0.24 0.01
101 98.35 3.1 39.84 ± 0.96 35.76 ± 1.1 0.01
118 83.11 2.8 42.9 ± 2.1 36.15 ± 1.0 0.01
153 102.0 2.8 78.8 ± 2.5 68.04 ± 1.9 0.01
105 101.1 5.4 16.47 ± 0.43 12.86 ± 0.7 0.01
138 112.4 5.2 61.5 ± 2.3 59.14 ± 3.1 0.01
156 91.21 3.2 5.80 ± 0.25 4.90 ± 0.16 0.01
180 106.3 2.4 5.31 ± 0.16 4.39 ± 0.11 0.01
Table 4
Levels of PCBs expressed in ng g1 dry weight analyzed in wild and raft mussels
coming from two Rías of A Coru~na and Pontevedra, respectively by using optimized
m-MSPD extraction.
Compound (ng g1 dw) A Coru~na Pontevedra
Wild mussel Raft mussel
CB 31 <LQ <LQ
CB 28 0.13 <LQ
CB 101 9.11 0.50
CB 118 2.29 <LQ
CB 153 55.4 4.18
CB 105 5.67 0.05
CB 138 22.5 0.10
CB 156 3.30 <LQ
CB 180 4.52 <LQ
<LQ. <Limit of Quantiﬁcation.
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shown in Table 3.3.3. Application to real samples
The developed and optimized micro-MSPD methodology was
applied to the analysis of two mussel samples coming from two
Galician Rías, the ﬁrst one was wild mussel coming from Ría of A
Coru~na and the second one was raft mussel from Ría of Pontevedra.Samples were analyzed following quality controls performed by the
laboratory. Found concentrations are included in Table 4. All the
samples contained the nine targets (CBs 31, 28, 101, 118, 153, 105,
138, 156 and 180), that is, all congeners were detected. As it
occurred when conventional methods were used, wild mussel had
higher concentrations of PCBs than raft mussel [22,23]. In raft
mussels there were ﬁve compounds with levels below the quan-
tiﬁcation limit, in wild mussel only one. The main compound in the
two analyzed samples was CB 153, this is the predominant
congener in the majority of the environmental samples. Fig. 6
shows the chromatograms of wild mussel extract (a) and raft
mussel extract (b) where all studied PCBs were found.4. Conclusions
micro-MSPD extraction followed by gas chromatography (ECD)
and gas chromatography-mass spectrometry (GC-MS/MS) is a
practical alternative for extracting PCBs compounds in mussel
samples. Optimizationwas carried out using a factorial design. Nine
PCBs compounds have been extracted with good recoveries by
using only 0.5 g of sample, 1 mL of extractant solvent, as well as
very low amounts of sorbents. Reduced sample handling and the
possibility of carrying out the clean up step simultaneously to the
extraction step make the proposed method clearly advantageous
from the point of view of sample throughput. The method followed
by chromatographic determination was validated showing the
Fig. 6. Chromatograms (GC-ECD) of target compounds obtained for two freeze dried samples, wild and raft mussels, extracted by using the optimized micro-MSPD. 1. CB31; 2. CB28;
3. CB101; 4. CB118; 5. CB153; 6. CB105; 7.CB138; 8. CB156; 9. CB180.
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N. Carro et al. / Analytical Chemistry Research 11 (2017) 1e88advisability in terms of linearity, sensitivity, accuracy and precision.
The procedure was applied to two mussel samples from Galician
Rías demonstrating the suitability of the optimized method.
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